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Abstract 
   Red blood cells subjected to standing waves collect at the pressure nodes during their flow motion. Blood is a non-newtonian 
fluid whose density and other properties are defined by its flow velocity.  Their drift motion is governed by the radiation force 
together with hydrodynamic conditions. This work presents a study of the blood cell enrichment performed in a rectangular 
capillar at f=1MHz as a function of their flow motion. The cells collect along the central axis of the capillary in very few seconds, 
with a clearance in other lateral areas. Optimal flow rates below 100uL/min were found in the experiments.  
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1. Introduction 
Typical fractioning methods include passive filtering, consisting on using obstacles for the passage of the cells, 
such as dead end filtration: weirs [1] or membranes [2,3] or cross-flow filtration [4] , based on a perpendicular exit to 
the main flow channel. These filtration methods have been demonstrated to work with different blood dilutions but 
present a limitation as they tend to clog. 
Ultrasounds have been used to perform cell and plasma separation [5,6]. The ability to manipulate particles using 
acoustic waves arises due to non-linear interaction between the incident wave and that one scattered by the cell. 
This  force acts on each single element, driving it toward a specific region of acoustic equilibrium that, in a 
standing wave can be either a pressure node or an antinode, depending on the relationship between the cell and fluid  
properties, providing either positive or negative acoustic contrast factors respectively.  
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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Acoustic forces can be used to collect blood cells in these locations of acoustic equilibrium. Red and White blood 
cells exhibit positive acoustic contrast factors so they both collect at pressure nodes in a standing wave. This 
technique has been used to perform plasma extraction from areas different than these locations. 
A channel with its cross-section dimensions corresponding to a half-wavelength at a certain frequency develops a 
pressure node along its central axis. The cells collect there under the action of the ultrasounds [7]. Majority of the 
attempts developed up to now for the extraction of cells were made in rigid materials like silicon for the 
establishment of the standing wave inside the channel between its sidewalls. These devices provide high efficiencies 
but in change they require high-cost manufacturing processes due to the silicon etching process. The acoustic 
actuation can be made in  low-cost microdevices, such as glass capillaries activated by ultrasonic actuators.  
 
Some previous studies have been reported for concentrating and manipulating particles based on size using 
piezoelectric transducers attached to capillary tubes [8,9] but no much information has been reported using blood. 
It is a non-Newtonian fluid whose density, viscosity and other properties are defined by its dynamics, exhibiting 
different ability of the cell aggregation. These variable properties should provide a different blood cell susceptibility 
to the ultrasounds at different flow rates.  
With this aim, the current work presents a study of human blood samples flowing along a half wave-length 
resonating capillary at different flow rates subjected to the ultrasounds, analysing different blood cell drift motion 
acoustically induced. Not only the radiation force is taken into account, but also by the hydrodynamic conditions 
established in the sample. 
 
 
2. Experimental Set-up 
A square glass capillary (inner cross section 700 microns x 700 microns) with a 10 cm length was used  to perform 
the tests. Silicone tubing was attached to the inlet and outlet of the microfluid channel.A piezoceramic square 
transducer (PZ26, Ferroperm Piezoceramics, Kvistgard, Denmark, 30x30mmx1mm thickness) was coupled to the 
capillary together using a hydrogel (Aquasonic Clear Ultrasound Gel, Parker Laboratories Inc., Fairfield, NJ). The 
device was mounted on a microscope slide to aid handling (Figure 1). 
 
 

Figure 1: Setup for blood cell aggregation in a capillary tube (1. Microscope slide, 2. Piezoelectric ceramic PZ26, 3 
glass capillary tube) 
 
     The piezoceramic transducer was activated  using an Agilent 33250A waveform generator and an Amplifier 
Research 75A250 amplifier. A Photron CCD camera attached to a Scope A1 Zeiss transmission microscope 
connected to a computer running a Photron Fastcam Viewer 3 software were used for the capture, control and 
processing of the filmed images.  60f/s filmations were made to reconstruct the blood cell trajectories during their 
flow motion subjected to the acoustic waves. 
Heparin treated blood samples were obtained from healthy individuals via the donor center of Hospilar La `Princesa 
(Madrid). When necessary, blood was diluted in PBS (Sigma Aldrich, Spain) at Cv=10%. The samples were 
injected into the capillary to circulate at different flow conditions, varying from 10uL/min for a syringe volume of 
1mL up to 200uL/min. Also blood in a stagnat condition was tested under the action of the ultrasounds. 

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3. Results 
   All the experiments were performed in a standing wave at a frequency f=1153kHz applying a fixed 
voltage=48volts at seven flow rates, Q=0 ȝL/min, 10ȝL/min, 40ȝL/min, 60ȝL/min, 80ȝL/min and 100ȝL/min 
respectively. Videos were recorded during the acoustic treatment. 
  The time required to collect the cells was first analysed in the experiments. Four consecutive filmed frames (50f/s) 
without variations of the cell collection were assumed as a reference to determine the stability of the cell enrichment 
process at the pressure node. It corresponds to approximately 93 acoustic periods at the selected frequency. Figure 
2.a shows this temporal evolution observed with the flow rate rise. 
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Figure 2: evolution of a) the time required for a stable cell collection with the flow rate; b) the cell enrichment area formed 
around the central axis with the flow rate 
 
A complex correlation of this time is described in the graphic of Figure 2.a for the dilution of the blood samples 
in these experiments, of Cv=10%., showing an initial increase with the flow rate up to 40ȝL/min, from which on it 
decreases with the flow rate rise, reaching a minimal time at Q=80ȝL/min.  
      Figure 2.b describes the experimental results of the spatial aggregation width versus flow rate. There is a 
tendency of decreasing the aggregation width from the stop flow condition to an optimal flow rate which for all the 
cases is 40 ul/min. After this value, the width of the aggregation area increases again with the flow rate rise. 
     Figure 3 show the clearance progression at different flow rates of the experiments.  
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Figure 3: Clearance percentage versus time for Cv=10% 
 
 
During the acoustic application a cell enrichment process is performed at the pressure node established along the 
central axis of the capillary, producing a clearance of parallel upper and lower areas around it. 
 Pilar Carreras et al. /  Physics Procedia  70 ( 2015 )  72 – 75 75
 
The clearance of the pixels included in a  fixed area selected on extracted filmed frames taken at different times 
were quantified providing the results shown on the figure for each selected flow rate conditions. The blue curve 
refers to the stagnat sample (Q=0uL/min), which experiences a weak variation during the 20s considered in the 
experiment, lower than 26%. The cells present a strong inertia to their drift motion, requiring a higher radiation 
force than cells in motion. Any of the flowing samples acquires higher variations of clearance.  The slopes of the 
different curves become smoother with the flow rate rise, which means that cells required longer times to move 
toward the central pressure node, making slower but more homogeneous the enrichment process. As counterpart, 
they provided lower levels of transparency. 
 
4. Conclusions 
 
This study demonstrates different blood cell behavours under the application of ultrasounds. Low flow rates between 
0 and 100uL/min were analysed. Application of ultrasound to perform plasma separation in stagnat blood samples is 
not suitable from these results. On the contrary, the action of the ultrasounds improves the results on flowing 
samples. Values of  Q close to 40uL/min seem to be optimal for the plasma clearance, with a highest cell collection 
level which provides maximal clearance on the lateral areas around the central axis of the capillary.  
The study opens a wide field of potential applications within ȝTAS for biomedical purposes. 
.  
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